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1
VALIDATION OF CONDITIONAL POLICY
ATTACHMENTS

CROSS-REFERENCES TO RELATED
APPLICATIONS

This application is a Continuation of U.S. application Ser.
No. 13/436,933, filed Mar. 31, 2012, which claims the benefit
under 35 U.S.C. 119(e) of U.S. Provisional Application No.
61/541,450, filed Sep. 30, 2011. The entire contents of the
61/541,450 and Ser. No. 13/436,933 applications are incor-
porated herein by reference for all purposes.

BACKGROUND

Companies worldwide are actively deploying service-ori-
ented architecture (SOA) infrastructures using web services,
both in intranet and extranet environments. While web ser-
vices offer many advantages over traditional alternatives
(e.g., distributed objects or custom software), deploying large
networks of interconnected web services can still present
several challenges, particularly with respect to security and
management.

Some existing SOA middleware solutions have addressed
these challenges via the implementation of a policy-based
security/management model. For example, Oracle Corpora-
tion’s Oracle Web Services Manager (OWSM) enables com-
panies to centrally define and store declarative policy docu-
ments (referred to herein as web service policies or policies)
that describe security and/or management-related behaviors
for web service clients and services in an SOA infrastructure.
Each policy can be attached to one or more web service
client/service endpoints (referred to herein as policy subjects)
hosted by one or more SOA applications. The attached poli-
cies can then be enforced at the client/service endpoints
through configurable agents. With this model, security/man-
agement logic does not need to be hardcoded into an SOA
application. Rather, such logic can be externalized in the form
of a declarative web service policy, which can then be
attached to an endpoint/application as needed by modifying
metadata (referred to herein as policy attachment metadata)
associated with the endpoint/application.

In certain implementations, policies can be attached to
specific client/service endpoints via “local” policy attach-
ment metadata, and/or to all endpoints that fall within a pre-
defined scope (e.g., domain, server, application, etc.) of an
SOA deployment via “global” policy attachment metadata.
The latter approach can be useful in large deployments, since
it enables a policy to be attached to a multitude of policy
subjects in an efficient and consistent manner. Additional
information regarding global policy attachments can be
found in U.S. patent application Ser. No. 13/118,947, filed
May 31, 2011 and entitled “ATTACHING WEB SERVICE
POLICIES TO A GROUP OF POLICY SUBIJECTS,” which
is incorporated herein by reference in its entirety for all pur-
poses.

One shortcoming with existing policy-based SOA solu-
tions is that there is no way to conditionally attach policies to
a particular policy subject at runtime. Instead, all valid poli-
cies that are associated with the policy subject via local or
global policy attachment metadata will be considered
attached (and thus will be enforced) at subject runtime,
regardless of the context in which the policy subject is
invoked/executed. This can be limiting in several scenarios.

By way of example, consider a situation where an applica-
tion server is hosting a web service that is accessible by a first
set of clients residing on an internal, secure network and a
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second set of clients residing on an external, insecure net-
work. Access via the external network is through a firewall.
Since physical access to the internal network is highly
restricted, it may be desirable for the web service to enforce a
less secure security policy (e.g., authentication and authori-
zation required, but no message protection required) for
requests originating from the internal clients. This will reduce
the load on the server and increase performance. At the same
time, it may be desirable for the web service to enforce a more
secure security policy (e.g., authentication, authorization,
and message protection required) for requests originating
from the external clients. Unfortunately, this type of per-
request, conditional processing cannot be achieved with
existing SOA solutions. At best, a system administrator could
manually modify the policy attachment metadata for the web
service to attach one policy or the other in anticipation of
receiving requests from internal or external clients. However,
this manual approach is cumbersome and would not be fea-
sible in scenarios where a large number of internal and exter-
nal clients are accessing the service at substantially the same
time.

BRIEF SUMMARY

Embodiments of the present invention provide a frame-
work for conditionally attaching web service policies to a
policy subject (e.g., a web service client or service endpoint)
at subject runtime.

In one set of embodiments, a constraint expression can be
defined that specifies one or more runtime conditions under
which a policy should be attached to a policy subject. The
constraint expression can be associated with the policy and
the policy subject via policy attachment metadata. The con-
straint expression can then be evaluated at runtime of the
policy subject to determine whether attachment of the policy
to the policy subject should occur. If the evaluation indicates
that the policy should be attached, the attached policy can be
processed at the policy subject (e.g., enforced or advertised)
as appropriate. Using these techniques, the policy subject can
be configured to dynamically exhibit different behaviors
based on its runtime context, without having to manually
modify the subject’s source code or metadata each time a
change in behavior is desired.

In a further set of embodiments, a validation process can be
performed at a policy subject prior to runtime (e.g., during an
initialization phase) to ensure that there are no validation
errors with respect to the web service policies that may be
conditionally attached to the subject. This validation process
can include grouping the policies that have been associated
with the policy subject (via policy attachment metadata) by
their corresponding constraint expressions, and determining
which groups can potentially overlap (i.e., be simultaneously
attached to the policy subject) at runtime. Each set of over-
lapping groups can then be validated using a predefined set of
validation rules to identify potential errors pertaining to the
policies in the set. If a validation error is found, information
regarding the error can be provided to a system administrator
for review, or can be stored for later use/processing.

According to one set of embodiments of the present inven-
tion, policy attachment metadata can be retrieved that identi-
fies a web service policy and a policy subject, where the
policy attachment metadata indicates that the web service
policy should be attached to the policy subject. In addition, a
constraint expression can be received or selected by a user,
where the constraint expression is configured to return a
Boolean result, and where the constraint expression is depen-
dent on at least one parameter whose value is only available at
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runtime of the policy subject. The policy attachment metadata
can then be modified to include a reference to the constraint
expression, where the modified policy attachment metadata
indicates that the web service policy should be attached to the
policy subject only if the constraint expression is satisfied at
runtime of the policy subject.

In one embodiment, the modified policy attachment meta-
data can further indicate that the web service policy should
not be attached to the policy subject if the constraint expres-
sion is not satisfied at runtime of the policy subject.

In one embodiment, the policy subject can be a web service
endpoint.

In one embodiment, the at least one parameter can corre-
spond to a transport-level characteristic of a request message
received at runtime of the policy subject, such as the value of
an HTTP header in the request message. The HTTP header
can be a header that identifies an originator of the request
message, such as a virtual host type header.

In one embodiment, the at least one parameter can corre-
spond to a payload characteristic of a request message
received at runtime of the policy subject, such as a user
identified included in the message payload.

In one embodiment, the at least one parameter can corre-
spond to a system-level characteristic of an application server
configured to execute the policy subject, such as a system
performance or configuration metric/statistic.

In one embodiment, the constraint expression can com-
prise a single Boolean function. In another embodiment, the
constraint expression can comprise a plurality of Boolean
functions joined by one or more logical operators. In another
embodiment, the constraint expression can comprise one or
more special characters, such as parentheses, to collect func-
tions into a group, and the special characters can increase a
precedence level of the group in the expression.

In one embodiment, the web service policy can comprise
one or more policy assertions conforming to WS-Security-
Policy.

In one embodiment, the policy attachment metadata can be
stored as an Extensible Markup Language (XML )file, and the
web service policy and the policy subject can be identified via
separate XML elements in the XML file.

In one embodiment, modifying the policy attachment
metadata can comprise inserting a new XML attribute within
the XML element identitying the policy subject, where the
new XML attribute identifies the reference to the constraint
expression.

According to another set of embodiments of the present
invention, the occurrence of a runtime event at a web service
endpoint can be detected. In response to the detection, a
runtime context component can be updated based on the
runtime event, where the runtime context component speci-
fies a set of data regarding a current runtime context of the
web service endpoint. In addition, a determination can be
made, based on the runtime context component and an asso-
ciation between a web service policy and a constraint expres-
sion, whether the web service policy should be attached to the
web service endpoint. The constraint expression can be
dependent on one or more runtime values specified in the
runtime context component, and the determination can com-
prise evaluating the constraint expression in view of the one
or more runtime values. If the web service policy should be
attached to the web service endpoint, the web service policy
can be enforced at the web service endpoint with respect to
the detected runtime event.

In one embodiment, the runtime event can be the reception
of an incoming request message at the web service endpoint.
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In one embodiment, updating the runtime context compo-
nent can comprise extracting one or more pieces of data from
the incoming message and updating the runtime context com-
ponent with the extracted pieces of data.

In one embodiment, the one or more pieces of data can
include an HTTP header of the incoming message, and iden-
tification of a sender of the incoming message, or a portion of
a payload of the incoming message.

In one embodiment, the one or more runtime values can
include a transport-level characteristic of the incoming mes-
sage, a payload characteristic of the incoming message, or a
system-level characteristic of an application server hosting
the web service endpoint.

In one embodiment, a transport-level characteristic of the
incoming message can include an HTTP header of the incom-
ing message.

In one embodiment, a payload characteristic of the incom-
ing message can include an identification of a user associated
with the incoming message.

In one embodiment, a system-level characteristic of the
application server can include a server configuration and/or
performance metric/statistic.

In one embodiment, the constraint expression can be a
Boolean expression comprising a set of one or more Boolean
functions grouped by zero or more logical operators.

In one embodiment, the web service policy can comprise a
set of assertions, and enforcing the web service policy can
comprise enforcing each assertion in the set of assertions.

In one embodiment, the set of assertions can relate to
security or management-related behaviors of the web service
endpoint, such as user authentication or authorization.

In one embodiment, if the web service policy should not be
attached to the web service endpoint, the web service policy
can be ignored with respect to the detected runtime event.

In one embodiment, the web service endpoint can corre-
spond to a port of a Service-Oriented Architecture (SOA)
application.

According to another set of embodiments of the present
invention, the reception of a Web Service Definition Lan-
guage (WSDL) request at a web service endpoint can be
detected. In response to the detection, a determination can be
made, based on a runtime context component and an associa-
tion between a web service policy and a constraint expres-
sion, whether the web service policy should be attached to the
web service endpoint. The constraint expression can be
dependent on one or more runtime values specified by the
runtime context component, and the determination can com-
prise evaluating the constraint expression in view of the one
or more runtime values. If the web service policy should be
attached to the web service endpoint, a WSDL file can be
generated based on the web service policy, and the WSDL. file
can be transmitted to an originator of the WSDL request.

In one embodiment, the runtime context component can
specify a set of data regarding a current runtime context of the
web service endpoint.

In one embodiment, the generated WSDL. file can be stored
in a cache, where the WSDL file is indexed in the cache using
a key based on the current runtime context. In addition, the
reception of a second WSDL request at the web service end-
point can be detected, where the second WSDL request being
received under a runtime context identical to the runtime
context of the initial WSDL request, the WSDL file stored in
the cache can be retrieved using the key, and the retrieved
WSDL file can be transmitted to an originator of the second
WSDL request.
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In one embodiment, the WSDL request can correspond to
an invocation of a Uniform Resource Locator (URL) associ-
ated with the web service endpoint.

In one embodiment, the one or more runtime values can
include a transport-level characteristic of the WSDL request
(e.g., HTTP header) or a system-level characteristic of an
application server hosting the web service endpoint (e.g.,
server performance or configuration metric/statistic).

In one embodiment, generating the WSDL file can com-
prise identifying a set of assertions included in the web ser-
vice policy, transforming each assertion in the set of asser-
tions into a WSDL representation, and packaging the
transformed assertions into the WSDL file.

In one embodiment, the web service endpoint can corre-
spond to a port of a Service-Oriented Architecture (SOA)
application.

According to another set of embodiments of the present
invention, a runtime policy set for a web service endpoint can
be generated, where the runtime policy set identifies a list of
all web service policies that can be attached to the web service
endpoint and, for each web service policy, a corresponding
constraint expression. In addition, the web service policies
included in the runtime policy set can be aggregated into a set
of groups, where the aggregating is performed by constraint
expression, and one or more groups in the set of groups that
will be simultaneously attached to the web service endpoint at
runtime can be identified. One or more validation rules can
then be applied to the web service policies in the one or more
groups.

In one embodiment, a set of validation errors can be stored
that are generated as a result of applying the one or more
validation rules. The validation errors can then be made avail-
able to a user for review. Alternatively, one or more errors in
the set of validation errors can be thrown at runtime of the web
service endpoint.

In one embodiment, the identifying the one or more groups
can comprise analyzing constraint expressions linked with
the one or more groups and determining that the constraint
expressions can be satisfied under a single runtime context.

In one embodiment, applying the one or more validation
rules can comprise parsing each web service policy in the one
or more groups to determine one or more assertions included
in the web service policy, and applying the one or more
validation rules to each assertion in the one or more asser-
tions.

In one embodiment, the one or more validation rules can
include a rule that limits attachment of a web service policy to
policy subjects of a certain type, a rule that limits ordering of
certain web service policies, or a rule that indicates certain
web service policy types are incompatible.

In one embodiment, the one or more validation rules can be
predefined and seeded by an application developer.

In one embodiment, the one or more validation rules can be
customizable.

In one embodiment, the generating, aggregating, identify-
ing, and applying steps can be performed during an initial-
ization phase of a Service-Oriented Architecture (SOA)
application hosting the web service endpoint. In an alterna-
tive embodiment, they can be performed at a time of defining,
in the form of policy attachment metadata, one or more asso-
ciations between the web service endpoint and one or more
web service policies.

A further understanding of the nature and advantages of the
embodiments disclosed herein can be realized by reference to
the remaining portions of the specification and the attached
drawings.
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BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a simplified block diagram of a system in accor-
dance with an embodiment of the present invention.

FIG. 2 is a flow diagram of a process for defining and
setting up constraint expressions in accordance with an
embodiment of the present invention.

FIG. 3 is an example of a global policy attachment meta-
data file.

FIG. 4 is a flow diagram of an initialization process per-
formed by an agent of an SOA application to facilitate con-
ditional policy attachment in accordance with an embodiment
of present invention.

FIG. 5 is a simplified block diagram illustrating a runtime
policy set in accordance with an embodiment of the present
invention.

FIG. 6 is a flow diagram of a runtime process performed by
an agent of an SOA application for conditionally enforcing
policies in accordance with an embodiment of the present
invention.

FIG. 7 is a flow diagram of a runtime process performed by
an agent of an SOA application for conditionally advertising
policies in accordance with an embodiment of the present
invention.

FIG. 8 is a flow diagram of an initialization process per-
formed by an agent of an SOA application for validating
policies in accordance with an embodiment of the present
invention.

FIG. 9 is a simplified block diagram of a system environ-
ment in accordance with an embodiment of the present inven-
tion.

FIG. 10 is a simplified block diagram of a computer system
in accordance with an embodiment of the present invention.

DETAILED DESCRIPTION

In the following description, for the purposes of explana-
tion, numerous details are set forth in order to provide an
understanding of embodiments of the present invention. It
will be apparent, however, to one of ordinary skill in the art
that certain embodiments can be practiced without some of
these details.

Embodiments of the present invention provide a frame-
work for conditionally attaching web service policies to a
policy subject (e.g., a web service client or service endpoint)
at subject runtime. In one set of embodiments, a constraint
expression can be defined that specifies one or more runtime
conditions under which a policy should be attached to a policy
subject. The constraint expression can be associated with the
policy and the policy subject via policy attachment metadata.
The constraint expression can then be evaluated at runtime of
the policy subject to determine whether attachment of the
policy to the policy subject should occur. If the evaluation
indicates that the policy should be attached, the attached
policy can be processed at the policy subject (e.g., enforced or
advertised) as appropriate. Using these techniques, the policy
subject can be configured to dynamically exhibit different
behaviors based on its runtime context, without having to
manually modify the subject’s source code or metadata each
time a change in behavior is desired.

In a further set of embodiments, a validation process can be
performed at a policy subject prior to runtime (e.g., during an
initialization phase) to ensure that there are no validation
errors with respect to the web service policies that may be
conditionally attached to the subject. This validation process
can include grouping the policies that have been associated
with the policy subject (via policy attachment metadata) by
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their corresponding constraint expressions, and determining
which groups can potentially overlap (i.e., be simultaneously
attached to the policy subject) at runtime. Each set of over-
lapping groups can then be validated using a predefined set of
validation rules to identify potential errors pertaining to the
policies in the set. If a validation error is found, information
regarding the error can be provided to a system administrator
for review, or can be stored for later use/processing.

System Overview

FIG.1 is a simplified block diagram of a policy-based SOA
system 100 according to an embodiment of the present inven-
tion. As shown, system 100 can include an SOA application
102 configured to act as a web service client and an SOA
application 104 configured to act as a web service. In various
embodiments, SOA application 102 can send, via a web ser-
vice (WS) client endpoint 106 (e.g., a port of application 102),
arequest message to SOA application 104 to invoke a service
operation exposed by application 104. The request message
can be expressed using a standard web services communica-
tion protocol, such as Simple Object Access Protocol
(SOAP). SOA application 104 can receive, via a WS service
endpoint 108 (e.g., aport of application 104), the request from
SOA application 102 and process the request according to
business logic defined for the service operation. SOA appli-
cation 104 can then generate a response message that is trans-
mitted to, and consumed by, SOA application 102.

As part of this message passing process, SOA applications
102 and 104 can each interoperate with an agent 110, 112.
Agents 110 and 112 can be configured to identify, based in
part on metadata referred to as policy attachment metadata,
one or more declarative policy documents (i.e., web service
policies or policies) that are to be attached to endpoints 106
and 108 of SOA applications 102 and 104. Each of these
policies can include a set of assertions that define security
and/or management-related behaviors to be carried out by an
attached endpoint (i.e., policy subject). Agents 110 and 112
can then implement the identified policies at runtime of appli-
cations 102 and 104 by, e.g., intercepting messages that are
outgoing from WS client endpoint 106 or incoming into WS
service endpoint 108, and enforcing the policies attached to
the endpoints against the incoming/outgoing messages. By
way of example, agent 110 can determine that a username/
password authentication policy should be attached to WS
client endpoint 106, and can therefore enforce the require-
ment that a username and password be included in all request
messages outbound from endpoint 106. If a particular mes-
sage does not conform to the attached policy, an error can be
thrown or some other appropriate action can be taken.

In one set of embodiments, the policies enforced by agents
110 and 112 can be maintained in a central metadata store 114
(as policies 116) and made accessible to agents 110 and 112
via a policy manager component 118. As noted above, each
policy 116 can be a declaratively defined document (e.g., an
Extensible Markup Language (XML) file) and can include a
set of assertions defining security and/or management-related
behaviors to be carried out by an attached WS endpoint.
Examples of such behaviors include authentication, authori-
zation, message protection/encryption, message logging, and
the like. In a particular embodiment, the set of assertions can
be expressed using one or more standard World Wide Web
Consortium (W3C) specifications, such as WS-Policy, WS-
SecurityPolicy, WS-RMPolicy, and/or the like. Alternatively,
the set of assertions can be expressed using a proprietary
specification or lingo that is translatable into a standard W3C
specification. In certain embodiments, new policies can be
created or existing policies can be modified/deleted via a user
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interface that is generated by policy manager 118 and made
available to users via one or more policy manager clients 120.

The policy attachment metadata used by agents 110 and
112 to identify which policies should be attached to which
WS client/service endpoints can generally be of two types: (1)
global policy attachment (GPA) metadata (e.g., 122) that is
stored with policies 116 in metadata store 114, and (2) local
policy attachment (LPA) metadata (e.g., 124 and 126) that is
stored locally with a given SOA application. GPA metadata
122 can comprise one or more metadata files (e.g., XML files)
that indirectly associate a policy with a set of WS client/
service endpoints by specifying a scope (e.g., domain, server,
application, etc.) to which the policy should apply. Thus, for
example, if a particular GPA metadata file specifies a policy
“P1” and a policy subject scope of “server=S1,” that indicates
that policy P1 should be attached to all of the WS client/
service endpoints hosted by applications running on applica-
tion server S1. This global attachment mechanism can be
useful in large deployments, since it enables a policy to be
attached to a multitude of policy subjects in an efficient and
consistent manner. Like policies 116, GPA metadata 122 can
be defined and updated via a user interface that is generated
by policy manager 118 and accessed by policy manager cli-
ents 120.

In contrast to GPA metadata 122, LPA metadata 124 and
126 can each comprise one or more metadata files (e.g., XML
files) that directly associate a policy with a specific endpoint.
For example, LPA metadata 124 can include an LPA metadata
file that specifies a policy “P2” and a policy subject
“App102Port1” (corresponding to WS client endpoint 106),
thereby indicating that policy P2 should be directly attached
to endpoint 106. Similarly, LPA metadata 126 can include an
LPA metadata file that specifies a policy “P3” and a policy
subject “App104Portl” (corresponding to WS service end-
point 108), thereby indicating that policy P3 should be
directly attached to endpoint 108. This local attachment
mechanism can be useful for application developers when
designing SOA applications, as it allows them to set security/
management behaviors that will be limited to the specific
endpoints they specify (rather than potentially affecting the
endpoints of other applications as may be the case with GPA
metadata). In various embodiments, L.PA metadata such as
124 and 126 can be stored in a location that is local to the WS
client/service endpoints that they reference. Accordingly,
LPA metadata 124 is depicted in FIG. 1 as being stored locally
to SOA application 102, and LPA 126 is depicted in FIG. 1 as
being stored locally to SOA application 104.

In certain existing SOA implementations, the processing
performed by agents 110 and 112 to determine which policies
should be attached to, and thus enforced at, a given policy
subject (e.g., WS client endpoint 106 or WS service endpoint
108) is based entirely on the declarative policy—policy sub-
ject associations defined in the policy subject’s associated
GPA and LPA metadata. Accordingly, in these existing imple-
mentations, there is no way to dynamically modify which
policies will be attached to the policy subject at runtime.
Instead, all of the valid policies that are specified via the
policy subject’s GPA/LPA metadata will necessarily be
attached and enforced, regardless of the context in which the
policy subject is executed. As noted in the Background sec-
tion, this can be problematic in scenarios where it may be
desirable to attach one policy to a policy subject under one set
of runtime conditions, and another, different policy to the
same policy subject under another, different set of runtime
conditions.

Embodiments of the present invention address the forego-
ing limitation (and other similar limitations) by supporting a
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feature referred to herein as conditional policy attachment.
With this feature, the list of policies that are associated with a
given policy subject via GPA/LPA metadata can be filtered, at
runtime of the policy subject, based on the evaluation of
conditional expressions known as constraint expressions.
Each constraint expression can be associated, or linked, with
one or more policy—policy subject associations, and can be
dependent on the value of one or more runtime parameters. If
a constraint expression that is linked with a particular policy
and policy subject is satisfied (e.g., evaluates to true) at runt-
ime ofthe subject, the policy can be considered attached to the
policy subject and processed appropriately (e.g., enforced or
advertised). On the other hand, if the constraint expression is
not satisfied at runtime of the policy subject, the policy will be
not considered attached to the policy subject, and therefore
will be ignored. With this approach, policies can be condi-
tionally attached to a policy subject based on the subject’s
runtime context, rather than being statically attached via
policy attachment metadata. As a result, the policy subject can
dynamically exhibit different behaviors, without requiring
manual modifications to the subject’s source code or meta-
data.

By way of example, assume a first policy “P1” is associated
with WS client endpoint 106 of SOA application 102 via a
first GPA/LPA metadata file, and a second policy “P2” (dis-
tinct from policy P1) is associated with the same endpoint 106
via a second GPA/L.PA metadata file. In existing implemen-
tations, agent 110 would always attach and enforce both
policies P1 and P2 against endpoint 106 at runtime of appli-
cation 102 (provided that the policies are valid and do not
conflict). The only way to change this behavior would be to
manually modify the policy attachment metadata files.

With the conditional policy attachment feature described
herein, agent 110 may not necessarily attach both policies to
endpoint 106 (despite the associations defined in the GPA/
LPA metadata). Rather, at runtime of application 102, agent
110 can (in conjunction with a constraints component 128, a
runtime policy set component 132, and a runtime context
component 136) determine, based on the current runtime
environment and the constraint expressions linked with end-
point 106 and policies P1 and P2, whether one, both, or
neither ofthe two policies should be attached to endpoint 106.
Agent 110 can then process the policies that should be
attached while ignoring the policies that should not be
attached.

Similar logic can apply to agent 112 of SOA application
104. For example, assume a third policy “P3” is associated
with WS service endpoint 108 of SOA application 104 via a
third GPA/LPA metadata file, and a fourth policy “P4” (dis-
tinct from policy P3) is associated with the same endpoint 108
via a fourth GPA/L.PA metadata file. At runtime of application
104, agent 112 can (in conjunction with a constraints com-
ponent 130, a runtime policy set component 134, and a runt-
ime context component 138) determine, based on the current
runtime environment and the constraint expressions linked
with endpoint 108 and policies P3 and P4, whether one, both,
or neither of the two policies should be attached to endpoint
108. Agent 112 can then process the policies that should be
attached while ignoring the policies that should not be
attached.

Additional details regarding the processing that can be
performed by agents 110 and 112 (and the other depicted
components of system 100) to facilitate conditional policy
attachment is provided in the sections below.

It should be appreciated that system 100 of FIG. 1 is illus-
trative and not intended to limit embodiments of the present
invention. For example, the various entities depicted in sys-
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tem 100 can have other capabilities or include other compo-
nents/sub-components that are not specifically described.
One of ordinary skill in the art will recognize many variations,
modifications, and alternatives.
Constraint Definition and Setup

As described with respect to FIG. 1, the conditional policy
attachment feature of the present invention is based on a
constraint model that relies on conditional expressions
referred to herein as constraints or constraint expressions.
Each constraint expression can be a Boolean expression (i.e.,
an expression that evaluates to true or false) whose evaluation
is dependent on one or more runtime parameters of a web
service endpoint, application, and/or server (in other words,
parameters that are only available/resolvable at runtime of the
endpoint, application, and/or server). Examples of such runt-
ime parameters include transport-level characteristics of an
incoming message (e.g., HT'TP header information, etc.),
payload characteristics of an incoming message (e.g., user
identity, message content, etc.), server performance/configu-
ration statistics (e.g., CPU load, memory utilization, number
of simultaneous connections, time of day, etc.), and so on.
Representations of the constraint expressions, as well as logic
for evaluating the constraint expressions in view of a specific
runtime context, can be maintained by a constraints compo-
nent (e.g., 128, 130) that is accessible to each SOA applica-
tion in a deployment (e.g., 102, 104).

In order to utilize constraint expressions for conditional
attachment purposes, various embodiments of the present
invention allow constraint expressions to be linked to
policy—policy subject associations (as defined in GPA/L.PA
metadata). These linkages can then be referenced at runtime
of'a policy subject to determine which constraint expression
should be evaluated for a given policy. FIG. 2 is a flow
diagram of a setup process 200 for defining and linking con-
straint expressions according to an embodiment of the present
invention. In one set of embodiments, process 200 can be
performed by policy manager 118 of system 100. In other
embodiments, process 200 can be performed by some other
component of system 100, such as a centralized constraints
manager (not shown) that is in communication with policy
manager 118. Process 200 can be implemented in hardware,
software, or a combination thereof. As software, process 200
can be implemented as program code that is encoded on a
non-transitory computer-readable storage medium.

At block 202, policy manager 118 can receive a definition
of a constraint expression (or a selection of an existing con-
straint expression) from a user of system 100 (e.g., an appli-
cation developer, a system administrator, a customer, etc.). As
noted above, the constraint expression can be a Boolean
expression that is dependent on one or more runtime param-
eters of a web service policy subject (e.g., a web service
endpoint). For example, the constraint expression can invoke
a function that compares the value of a HT'TP header in an
incoming service request messageto a predefined value. If the
HTTP header value matches the predefined value, the func-
tion (and thus the constraint expression) can return true. If the
HTTP header value does not match the predefined value, the
function (and thus the constraint expression) can return false.
In various other embodiments, the constraint expression can
be dependent on other types of runtime information, such as
system configuration or performance statistics (e.g., CPU
load, memory utilization, number of simultaneous connec-
tions, time of day, etc.), characteristics of a message payload
(e.g., user identity, message content, etc.), and more. One of
ordinary skill in the art will recognize many other variations
and alternatives.
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In the HTTP header example above, the constraint expres-
sion corresponds to a single function invocation. However, in
alternative embodiments, the constraint expression can be
considerably more complex. For example, in certain embodi-
ments the constraint expression can comprise a plurality of
function calls that are qualified and/or joined by various logi-
cal operators (and, or, negation, etc.). The components of the
expression can also be grouped using various grouping
mechanisms. When the constraint expression is evaluated, the
system can take these logical operators and groups into
account in order to arrive at a final Boolean result. In one
example, the constraint expression can comprise one or more
special characters, such as parentheses, to collect functions
into a group, and the special characters can increase a prece-
dence level of the group in the expression.

In some embodiments, the constraint expression described
with respect to block 202 can be seeded by an application
developer. With this approach, a system administrator or end-
user of policy manager 118 can simply select from a listing of
predefined, seeded constraint expressions. Alternatively, the
constraint expression can be newly defined through the policy
manager interface. With this approach, end-users have the
capability to create new constraint expressions (beyond the
constraint expressions contemplated by the application
developers) to meet their specific business requirements.

At block 204, policy manager 118 can retrieve policy
attachment metadata specifying a policy and one or more
policy subjects. This retrieved data can include GPA metadata
(e.g., 122) that is retrieved from metadata store 114, and/or
LPA metadata (e.g., 124, 126) that is retrieved from one or
more application servers. In one set of embodiments, this
retrieving can be performed in response to the user of block
202 requesting policy attachment information for the speci-
fied policy, for the purpose of linking the constraint expres-
sion defined/selected at block 202 with the policy and/or
policy subjects.

Once the policy attachment metadata has been retrieved,
policy manager 118 can associate the constraint expression
with the policy and the one or more policy subjects specified
in the policy attachment metadata (block 206). In a particular
embodiment, this association can be achieved by modifying
the policy attachment metadata (e.g., the GPA or LPA meta-
data file) to include a reference to the constraint expression.
Since the policy attachment metadata already includes refer-
ences to the policy and the policy subject(s), the addition of
this third reference to the policy attachment metadata can
effectively link together the constraint expression with the
policy and policy subject(s). By linking together these three
entities in this manner, the system can be made aware that the
policy should only be attached to the policy subject(s) at
runtime if the constraint expression is satisfied.

Although not shown in FIG. 2, a single constraint expres-
sion can be linked to multiple policy—policy subject asso-
ciations by adding a reference to the constraint expression to
multiple policy attachment metadata files. Further, in other
embodiments, multiple constraint expressions can be linked
to a single policy—policy subject association by adding ref-
erences to the multiple constraint expressions to a single
policy attachment metadata file.

It should be appreciated that process 200 is illustrative and
not intended to limit embodiments of the present invention.
Steps described as sequential can be executed in parallel,
order of steps can be varied, and steps can be modified,
combined, added, or omitted. One of ordinary skill in the art
will recognize many variations, modifications, and alterna-
tives.
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FIG. 3 illustrates an example GPA metadata file 300 that
has been modified to include a reference to a constraint
expression per the processing of FIG. 2. As shown, GPA
metadata file 300 includes a top level “policySet” XML ele-
ment 302, a nested “PolicyReference” XML element 304,
and a “constraint” attribute 306 (defined within the “policy-
Set” element). In various embodiments, policySet and Poli-
cyReference elements 302 and 304 are pre-existing elements
of GPA metadata file 300 that define a policy—policy subject
association per the global policy attachment mechanism. For
example, in the embodiment of FIG. 3, these two elements
indicate that all policy subjects of the type “WS-Service”
(i.e., WS service endpoints) and within the domain starting
with “foo” should be associated with the web service policy
identified by the URI “oracle/auth_policy.”

Constraint attribute 306 is a reference that has been added
to file 300 (as described at block 206 of F1G. 2) in order to link
policySet element 302 and PolicyReference element 304 with
a constraint expression. In this example, constraint attribute
306 specifies a constraint expression that invokes an “HTTP-
Header” function with two parameters: “VIRTUAL_
HOST_TYPE” and “external.” This particular function can
check the VIRTUAL_HOST _TYPE HTTP header of an
incoming message and determine whether the header value is
equal to “external” (signifying that the message originated
from an external, rather than internal, client).

With the addition of constraint attribute 306 to GPA meta-
data file 300, the semantics of file 300 have been modified to
indicate that the policy—ypolicy subject association defined
by elements 302 and 304 should only apply (i.e., result in
attachment of the policy to the policy subjects) if the con-
straint expression specified via constraint attribute 306 is
satisfied at runtime of the policy subject. Thus, in the embodi-
ment of FIG. 3, the policy identified by the URI “oracle/
auth_policy” should only be attached to policy subjects of the
type “WS-Service( )” and within the scope of a domain start-
ing with “foo” if an incoming message at the subject is sent
from an external client (i.e., VIRTUAL_HOST_TYPE HTTP
header=external).

Conditional Policy Identification and Enforcement

Once constraint expressions have been defined and linked
to policies and policy subjects via policy attachment meta-
data, these expressions can be identified and evaluated at
runtime of a policy subject to conditionally attach policies to,
and thus enforce the policies against, the policy subject. FIG.
4 is a flow diagram of a process 400 that can be performed
during an initialization phase of an SOA application (e.g.,
application 102 or 104) to identify policy/constraint informa-
tion for a policy subject of the application (e.g., WS client
endpoint 106 or WS service endpoint 108) according to an
embodiment of the present invention. In one set of embodi-
ments, process 400 can be performed by either agent 110 or
112 of system 100. Process 400 can be implemented in hard-
ware, software, or a combination thereof. As software, pro-
cess 400 can be implemented as program code that is encoded
on a non-transitory computer-readable storage medium.

At block 402, agent 110, 112 can receive, from policy
manager 118, policy information and GPA metadata informa-
tion stored in metadata store 114 that is relevant to endpoint
106, 108. For instance, agent 110, 112 can receive all GPA
metadata files that associate a policy with a policy subject
scope that encompasses endpoint 106, 108. Agent 110, 112
can also retrieve LPA metadata (e.g., 124, 126) that directly
references endpoint 106, 108 (block 204).

At block 406, agent 110, 112 can process the GPA/LPA
metadata received at blocks 402 and 404 to generate a “runt-
ime policy set” for endpoint 106, 108. In various embodi-
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ments, this runtime policy set can identify all of the policies
that may potentially be attached to endpoint 106, 108, along
with their linked constraint expressions (as defined in GPA/
LPA metadata). Thus, the runtime policy set can encapsulate
all of the information agent 110, 112 needs in order to deter-
mine which constraints should be evaluated against which
policies at runtime of endpoint 106, 108. By way of illustra-
tion, FIG. 5 depicts a sample runtime policy set 500 for, e.g.,
WS client endpoint 106 of application 102. As shown in FIG.
5, runtime policy set 500 includes five policies—P1 through
P5—that may by attached to endpoint 106. Policy P1 is
grouped under constraint expression C1, thereby indicating
that P1 is linked with C1 (and thus should only be attached to
endpoint 106 in the event that C1 is satisfied at runtime).
Policy P3 is grouped under constraint expression C2, thereby
indicating that P3 is linked with C2 (and thus should only be
attached to endpoint 106 in the event that C2 is satisfied at
runtime). Policy P2 is grouped under constraint expressions
C1 and C2, thereby indicating that P2 is linked with both C1
and C2 (and thus should be attached to endpoint 106 in the
event that either C1 or C2 is satisfied at runtime). And policies
P4 and P5 are grouped under a “Default” category, thereby
indicating that these policies are not linked with any con-
straint expressions (and thus should always be attached to
endpoint 106, regardless of the runtime context).

In some embodiments, the process of generating the runt-
ime policy set can include a scope resolution process that
automatically excludes from the runtime policy set any poli-
cies that are deemed to be inapplicable according to one or
more scope precedence rules. This can come into play if, e.g.,
multiple, conflicting policies are associated with an endpoint
at different scope levels (e.g., via different GPA and/or LPA
metadata files). For instance, assume a first authentication
policy “Authl” is associated with endpoint 106 via a GPA
metadata file defined at “server” scope level that encompasses
application 102. Further, assume that a second authentication
policy “Auth2” is associated with endpoint 106 via an LPA
metadata file that directly references the application port cor-
responding to endpoint 106. Generally speaking, only one
authentication policy (Authl or Auth2) can be attached to
endpoint 106 at atime. Accordingly, in this situation the scope
resolution process can decide, based on one or more pre-
defined rules, which attachment metadata file (e.g., the GPA
metadata file or the LPA metadata file) should take prece-
dence over the other. The policy attachment metadata file that
takes precedence will have its referenced authentication
policy added to the runtime policy set for endpoint 106, while
the other policy attachment file will be ignored. A list of
precedence rules, as well as additional information regarding
this scope resolution mechanism, is described in U.S. patent
application Ser. No. 13/118,947 (incorporated by reference
above).

Returning to FIG. 4, once the runtime policy set for end-
point 106, 108 has been generated at block 406, agent 110,
112 can validate the runtime policy set to ensure that there are
no conflicts or incompatibilities with respect to the policies in
the set (block 408). In certain embodiments, this validation
process can take into account the possibility that only a por-
tion of the policies in the runtime policy set may actually be
attached to endpoint 106, 108 at runtime (depending on which
constraint expressions are satisfied). Additional details
regarding how this validation can be performed is provided in
the section titled “Policy Validation in the Presence of Con-
straints” below.

At block 410, the generated runtime policy set can be
stored in a runtime policy set component accessible to appli-
cation 102, 104 (e.g., 132, 134, of FIG. 1). As described with
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respectto FIG. 6, this component can be subsequently used by
agent 110, 112 (in conjunction with runtime context compo-
nent 136, 138 and constraints component 128, 130) to condi-
tionally attach and enforce policies at runtime of endpoint
106, 108.

FIG. 6 is a flow diagram of a runtime process 600 for
conditionally enforcing policies at a policy subject according
to an embodiment of the present invention. In one set of
embodiments, process 600 can be performed by either agent
110 or 112 after completing the initialization processing of
FIG. 4. Process 600 can be implemented in hardware, soft-
ware, or a combination thereof. As software, process 600 can
be implemented as program code that is encoded on a non-
transitory computer-readable storage medium.

At block 602, agent 110, 112 can detect the occurrence of
aruntime event at endpoint 106, 108 that requires the agent to
consider whether one or more policies need to be enforced at
the endpoint. Examples of such runtime events can include
the reception of an incoming message, the transmission of an
outgoing message, and so on.

At block 604, agent 110, 112 can retrieve runtime context
component 136, 138, which is an object that is configured to
maintain all (or nearly all) of the knowable information about
the current runtime context of endpoint 106, 108. Agent 110,
112 can then update runtime context component 136, 138
with any new information regarding the detected runtime
event. For example, assume that the detected event is the
reception of an incoming request message. In this case, agent
110, 112 can extract various types of information from the
incoming message (e.g., HTTP headers, message sender,
message payload, etc.) and store this information in runtime
context component 136, 138.

Once runtime context component 136, 138 has been
retrieved and updated, agent 110, 112 can pass the runtime
context component to runtime policy set component 132, 134
(block 606). As noted with respect to FIG. 4, runtime policy
set component 132, 134 is generated during an initialization
phase of application 102, 104 and can maintain a list of all of
the policies that may potentially be attached to endpoint 106,
108, along with their linked constraint expressions. In
response to receiving runtime context component 136, 138,
runtime policy set component 132, 134 can traverse its list of
policy/constraint expression pairs and, for each pair, invoke
constraints component 128, 130 to evaluate the constraint
expression against the current runtime context (block 608).
For instance, runtime policy set component 132, 134 can pass
to constraints component 128, 130 the name of a constraint
(e.g., C1), the name of the constraint’s linked policy (e.g.,
P1), and a pointer to runtime context component 136, 138.
Constraints component 128, 130 can then retrieve the defini-
tion of constraint expression C1, evaluate C1 in view of the
runtime values in runtime context component 136, 138, and
return an indication to runtime policy set component 132, 134
of whether C1 is satisfied.

At block 610, runtime policy set component 136, 138 can
receive the results generated by constraints component 128,
130 for each policy/constraint expression pair, and if the
constraint expression for a given pair is satisfied, can add the
policy to a list of “attached” policies that should be enforced
atendpoint 106, 108. Once all of the policy/constraint expres-
sion pairs have been processed by constraints component
128, 130, runtime policy set component 138, 138 can transmit
the final list of attached policies to agent 110, 112.

Upon receiving the list of attached policies from runtime
policy set component 136, 138, agent 110, 112 can enforce
the list of policies at endpoint 106, 108 in view of the runtime
event (block 612). This can include, e.g., sequentially access-
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ing each attached policy to determine one or more assertions
included in the policy. Each assertion can then be processed to
ensure that the assertion is satisfied with respect to the runt-
ime event. For instance, assume that the detected runtime
event is the reception of an incoming request message, and
that the list of attached policies includes an authentication
policy that specifies an assertion requiring a Security Asser-
tion Markup Language (SAML) token. In this scenario, agent
110, 112 can enforce the policy by checking whether a SAML
token has been included in the incoming message. If no token
is found (thereby indicating that the message does not con-
form to the attached authentication policy), an error can be
thrown. If all of the attached polices can be enforced without
error, the incoming message can be processed as appropriate
by the business logic layer of SOA application 102, 104.

It should be appreciated that processes 400 and 600 are
illustrative and not intended to limit embodiments of the
present invention. Steps described as sequential can be
executed in parallel, order of steps can be varied, and steps
can be modified, combined, added, or omitted. One of ordi-
nary skill in the art will recognize many variations, modifi-
cations, and alternatives.

Conditional Policy Advertisement

Generally speaking, when a WS client endpoint wishes to
interact with (e.g., send a service request to) a WS service
endpoint, the client endpoint needs to know, in advance, the
type of policies that are used to secure/manage the service
endpoint in order to construct and send an appropriate request
message. To facilitate this, existing SOA implementations use
an “advertisement” mechanism to communicate, or advertise,
security/management requirements from WS services to WS
clients.

For example, in a typical advertisement flow, a WS client
endpoint will send a Web Service Definition Language
(WSDL) request to a WS service endpoint indicating that the
client endpoint is interested in all of the security/management
requirements enforced by the service endpoint. In response,
the WS service endpoint will transmit a WSDL file encapsu-
lating its requirements (as defined by its attached policies) to
the client. Upon receiving the WSDL file, the WS client
endpoint will use the information in the file to generate an
appropriate service request. In existing implementations, the
WSDL file transmitted by the WS service endpoint to the WS
client endpoint will generally be static, since it is based solely
on the policies that are attached to the service endpoint via
declarative policy attachment metadata.

With the conditional attachment feature described herein,
the polices that are attached to a WS service endpoint can
dynamically change as the runtime context of the service
endpoint changes. Thus, the security/management require-
ments to be advertised to inquiring clients will no longer be
static; rather, they will also change dynamically as the runt-
ime context changes. To accommodate this, certain embodi-
ments of the present invention can provide a modified adver-
tisement flow that takes into account the conditional
attachment of policies to service endpoints and enables the
service endpoints to dynamically generate WSDL files
accordingly.

FIG. 7 is an example of such a modified flow/process 700
according to an embodiment of the present invention. In one
set of embodiments, process 700 can be performed by agent
112 of system 100, subsequent to the initialization processing
of FIG. 4. Process 700 can be implemented in hardware,
software, or a combination thereof. As software, process 700
can be implemented as program code that is encoded on a
non-transitory computer-readable storage medium.
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At block 702, agent 112 can detect the reception of a
WSDL request at WS service endpoint 108. As noted above,
this request can indicate that an originating WS client end-
point (e.g., client endpoint 106) is interested in receiving, in
the form of a WSDL file, all of the security/management
requirements enforced by WS service endpoint 108. In one
set of embodiments, the WSDL request can be initiated by
client endpoint 106 by invoking a uniform resource locator
(URL) of service endpoint 108 with the parameter “?wsdl”
appended to the end.

At block 704, agent 112 can retrieve the runtime context
component (138) that was generated during the initialization
processing of FIG. 4. Agent 112 can then pass runtime context
component 139 to runtime policy set component 134 (block
706). As noted above, runtime policy set component 134 can
maintain a list of all of the policies that may potentially be
attached to WS service endpoint 108, along with their linked
constraint expressions.

In response to receiving runtime context component 138,
runtime policy set component 134 can traverse its list of
policy/constraint expression pairs and, for each pair, invoke
constraints component 130 to evaluate the constraint expres-
sion against the current runtime context (block 708). For
instance, runtime policy set component 134 can pass to con-
straints component 130 the name of a constraint (e.g., C1), the
name of the constraint’s linked policy (e.g., P1), and a pointer
to runtime context component 138. Constraints component
130 can then retrieve the definition of constraint expression
C1, evaluate C1 in view of the runtime values in runtime
context component 138, and return an indication to runtime
policy set component 134 of whether C1 is satisfied.

At block 710, runtime policy set component 138 can
receive the results generated by constraints component 130
for each policy/constraint expression pair, and if the con-
straint expression for a given pair is satisfied, can add the
policy to a list of attached policies that should be enforced at
WS service endpoint 108. Once all of the policy/constraint
expression pairs have been processed by constraints compo-
nent 130, runtime policy set component 138 can transmit the
final list of attached policies to agent 112.

Upon receiving the list of attached policies from runtime
policy set component 138, agent 112 can process the policies
in preparation for advertising the behaviors defined in the
policies to WS client endpoint 106. For example, at block
712, agent 112 can sequentially accessing each attached
policy to determine one or more assertions included in the
policy. Each assertion can then be transformed into a standard
WSDL representation (based on, e.g., the WS-SecurityPolicy
and WS-Policy/Policy Attachment standards). Agent 112 can
then package the transformed policy assertions into a WSDL
file and transmit the WSDL file to WS client endpoint 106 for
consumption (block 714).

One distinction between policy enforcement and policy
advertisement is that, in the advertisement case, a WS service
endpoint does not actually receive a request message (with an
associated payload) from a WS client endpoint; rather, the
service endpoint merely receives a request for the service’s
WSDL file. Thus, in certain embodiments, the set of con-
straints that can be properly resolved in the advertisement
case may be smaller. For example, constraints that are depen-
dent on transport-level characteristics of an incoming mes-
sage (e.g., HTTP header information) or system configura-
tion can be resolved at the time of generating an
advertisement, since such information would be included in
the WSDL request or would be available from the application
server. However, constraints that are dependent on the pay-
load of an incoming service request (e.g., user 1D, etc.) may
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not be resolvable at the time of generating an advertisement,
since no request message is actually received.

Although not shown in FIG. 7, in some embodiments agent
112 can maintain a cache of WSDL files that have been
generated in response to WSDL requests. This cache can be
indexed by a key corresponding to a particular runtime con-
text. In these embodiments, agent 112 can, prior to perform-
ing blocks 706-714, check the cache to determine whether a
WSDL file has already been generated and cached for the
current runtime context. If such a file is found in the cache,
agent 112 can simply transmit the cached file to WS client
endpoint 106. Ifsuch a file is not found in the cache, agent 112
can proceed with determining the list of attached policies and
generating a new WSDL file per the processing of blocks
706-714. At block 714, agent 112 can further store the newly
generated WSDL file in the cache so that it can be used to
satisfy future WSDL requests that are received under the
same runtime context as the current request.

It should be appreciated that process 700 is illustrative and
not intended to limit embodiments of the present invention.
For example, although WSDL is currently the most common
language used by a web service to advertise its requirements,
other types of languages/specifications may also be sup-
ported. Further, steps described as sequential can be executed
in parallel, order of steps can be varied, and steps can be
modified, combined, added, or omitted. One of ordinary skill
in the art will recognize many variations, modifications, and
alternatives.

Policy Validation in the Presence of Constraints

As discussed with respect to FIG. 4 above, the initialization
process (400) performed by agent 110 or 112 of system 100 to
identify policy/constraint information for a particular policy
subject can include, at block 408, a validation process that is
executed against the runtime policy set generated at block
406. This validation process can ensure that there are no
conflicts, incompatibilities, or other errors with respect to the
policies that will be attached to the policy subject.

One complication introduced by the conditional policy
attachment model is that the actual set of policies that are
attached to a policy subject is not determined until runtime.
To address this, in certain embodiments the validation pro-
cess can include grouping the policies that have been associ-
ated with the policy subject (via policy attachment metadata)
by their corresponding constraint expressions, and determin-
ing which groups can potentially overlap (i.e., be simulta-
neously attached to the policy subject) at runtime. Each set of
overlapping groups can then be validated using a predefined
set of validation rules to identify potential errors pertaining to
the policies in the set. In this manner, only the subsets of
policies that may be attached to the policy subject together (in
view of their corresponding constraint expressions) will be
validated.

By way of example, assume one type of validation rule
specifies that only a single authentication policy can be
attached to a policy subject at a time. If two authentication
policies associated with the policy subject are grouped
together (i.e., linked with the same constraint expression) or
grouped in overlapping groups, it can be inferred that the two
policies will be attached (or will not be attached) together.
Accordingly, the validation rule can be applied to these two
policies, and a validation result indicated a conflict can be
generated. In contrast, if the two policies are not grouped
together or in overlapping groups (e.g., the two policies are
linked with mutually exclusive constraint expressions), it can
be inferred that the two policies will never be enforced
together, and thus there is no need to validate this policy
subset.
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In certain embodiments, no error is thrown if a validation
error is found for a particular policy subset, since that subset
may not be enforced at the policy subject at runtime (depend-
ing on the runtime context). Instead, information regarding
the error can be provided to a system administrator for review,
or can be stored for later use/processing.

FIG. 8 is a flow diagram of a process 800 for validating
policies according to an embodiment of the present invention.
In one set of embodiments, process 800 can be performed by
agent 110 or 112 of system 100 as part of the processing of
block 408 of FIG. 4. Process 800 can be implemented in
hardware, software, or a combination thereof. As software,
process 800 can be implemented as program code that is
encoded on a non-transitory computer-readable storage
medium.

At block 802, agent 110, 112 can group the policies
included in the runtime policy set generated at block 406 of
FIG. 4 according to the policies’ linked constraint expres-
sions. For example, assume that the runtime policy set
includes the following policy/constraint expression pairs—
P1/C1, P2/C1, P2/C2, P3/C2. Further, assume that the runt-
ime policy set further includes policies P4 and P5, which are
not linked with any constraint expression. In this case, poli-
cies P1 and P2 can be grouped under constraint expression
C1, P2 and P3 can be grouped under constraint expression P2,
and P4 and P5 can be grouped under a “Default” category.
This grouping is shown in runtime policy set 500 of FIG. 5.

At block 804, agent 110, 112 can identify, among the
groups created at block 802, those groups that can overlap
(i.e., be simultaneously be attached to endpoint 106, 108) at
runtime. This identification process can include, e.g., analyz-
ing the constraint expressions for the various groups and
determining whether the constraint expressions can (or can-
not) be satisfied with respect to a single runtime context. For
instance, in the example above, assume that constraint
expression C1 returns true if an incoming message originates
from an external client (and false otherwise), and constraint
expression C2 returns true if an incoming message originates
from an internal client (and false otherwise). Since constraint
expressions C1 and C2 are mutually exclusive (i.e., they will
be never be satisfied under an single runtime context), the
policy groups associated with C1 and C2 can be identified as
non-overlapping groups. On the other hand, the groups asso-
ciated with C1 and the Default category will overlap, because
the policies in the Default group (P4 and P5) are not linked
with any constraint expression and thus will always be
attached under any runtime context. Similarly, the policy
groups associated with C2 and the Default category will
overlap.

Atblock 806, one or more validation rules can be applied to
the policies in each set of overlapping groups. In certain
embodiments, this can include parsing each policy to deter-
mine the assertions included in the policy, and then applying
the validation rules against each assertion. Examples of such
validation rules include, e.g., rules that limit certain policies
to certain types of policy subjects (e.g., WS client or service
endpoints), rules that limit certain policies to certain types of
web service stacks, rules that limit the ordering of certain
policies, rules that indicate certain policy types are incompat-
ible (and thus cannot be attached together), and the like. Many
other types of validations may also be applied and contem-
plated to be within the scope of the present invention.

In one set of embodiments, the validation rules can be
predefined and seeded by an application developer. In other
embodiments, the validation rules can be created or updated
by an end-user of system 100 (e.g., a system administrator or
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customer). Accordingly, end-users can have the capability to
customize the validation process to meet their specific busi-
ness requirements.

Once the validation rules have been applied, the results of
that processing (e.g., validation errors) can be stored in runt-
ime policy set component 132, 134 at block 808. This infor-
mation can then be made available to a system administrator
for review, or maintained in runtime policy set component
132, 134 for later use (e.g., generating a runtime error). In
various embodiments, no error is thrown within the context of
validation process 800 if a validation error is found for a
particular policy subset, since that subset may not be enforced
at the policy subject at runtime (depending on the runtime
context).

It should be appreciated that process 800 is illustrative and
not intended to limit embodiments of the present invention.
For example, although process 800 is typically performed by
agent 110, 112 upon initialization of the agent’s correspond-
ing SOA application, process 800 can also be performed in
other contexts, such as at the time of defining GPA and/or
LPA metadata through policy manager 118. Further, steps
described as sequential can be executed in parallel, order of
steps can be varied, and steps can be modified, combined,
added, or omitted. One of ordinary skill in the art will recog-
nize many variations, modifications, and alternatives.
Computer System Embodiments

FIG. 9 is a simplified block diagram of a system environ-
ment 900 that can be used in accordance with an embodiment
of the present invention. As shown, system environment 900
can include one or more client computing devices 902-1 and
902-2, which can be configured to operate a client application
such as a web browser, a UNIX/Solaris terminal application,
and/or the like. In various embodiments, client computing
devices 902-1, 902-2 can correspond to policy manager cli-
ents 120 of FIG. 1, and can be operated by one or more users
to interact with policy manager 118.

Client computing devices 902-1, 902-2 can be general
purpose personal computers (e.g., personal computers and/or
laptop computers running various versions of Microsoft Win-
dows and/or Apple Mac OSX operating systems), cell phones
or PDAs (running software such as Apple i0S, Google
Android, or the like and being Internet, e-mail, SMS, or other
communication protocol enabled), and/or workstation com-
puters running any of a variety of commercially-available
UNIX or UNIX-like operating systems (including without
limitation the variety of GNU/Linux operating systems).
Alternatively, client computing devices 902-1, 902-2 can be
any other electronic device capable of communicating over a
network, such as network 906 described below. Although
system environment 900 is shown with two client computing
devices, it should be appreciated that any number of client
computing devices can be supported.

System environment 900 can further include a network
906. Network 906 can be any type of network familiar to
those skilled in the art that can support data communications
using a network protocol, such as TCP/IP, SNA, IPX, Apple-
Talk, and the like. Merely by way of example, network 906
can be a local area network (LAN), such as an FEthernet
network, a Token-Ring network and/or the like; a wide-area
network; a virtual network, including without limitation a
virtual private network (VPN); the Internet; an intranet; an
extranet; a public switched telephone network (PSTN); an
infra-red network; a wireless network (e.g., a network oper-
ating under any of the IEEE 802.11 suite of protocols, the
Bluetooth protocol known in the art, and/or any other wireless
protocol); and/or any combination of these and/or other net-
works.
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System environment 900 can further include one or more
server computers 904-1 and 904-2, which can be general
purpose computers, specialized server computers (including,
e.g., PC servers, UNIX servers, mid-range servers, main-
frame computers, rack-mounted servers, etc.), server farms,
server clusters, or any other appropriate arrangement and/or
combination. Servers 904-1, 904-2 can run an operating sys-
tem including any of those discussed above, as well as any
commercially available server operating system. Servers
904-1, 904-2 can also run any of a variety of server applica-
tions and/or mid-tier applications, including web servers,
FTP servers, CGI servers, Java virtual machines, and the like.
In one set of embodiments, servers 904-1, 904-2 can each run
an application server that is configured to provide an execu-
tion environment for SOA application 102, SOA application
104, and/or policy manager 118 of FIG. 1.

System environment 900 can further include one or more
databases 908. In one set of embodiments, databases 908 can
include databases that are managed by one or more of servers
904-1, 904-2. In a particular embodiment, databases 908 can
be configured to store information maintained in metadata
store 114 of FIG. 1. Databases 908 can reside in a variety of
locations. By way of example, databases 908 can reside on a
storage medium local to (and/or resident in) one or more of
computers 902-1, 902-2, 904-1, 904-2. Alternatively, data-
bases 908 can be remote from any or all of computers 902-1,
902-2, 904-1, 904-2, and/or in communication (e.g., via net-
work 906) with one or more of these. In one set of embodi-
ments, databases 908 can reside in a storage-areca network
(SAN) familiar to those skilled in the art.

FIG. 10 is a simplified block diagram illustrating a com-
puter system 1000 that can be used in accordance with an
embodiment of the present invention. In various embodi-
ments, computer system 1000 can be used to implement any
of computers 902-1, 902-2, 904-1, 904-2 described with
respect to system environment 900 above. As shown, com-
puter system 1000 can include hardware elements that are
electrically coupled via a bus 1024. The hardware elements
can include one or more central processing units (CPUs)
1002, one or more input devices 1004 (e.g., a mouse, a key-
board, etc.), and one or more output devices 1006 (e.g., a
display device, a printer, etc.). Computer system 1000 can
also include one or more storage devices 1008. By way of
example, the storage device(s) 1008 can include devices such
as disk drives, optical storage devices, and solid-state storage
devices such as a random access memory (RAM) and/or a
read-only memory (ROM), which can be programmable,
flash-updateable and/or the like.

Computer system 1000 can additionally include a com-
puter-readable storage media reader 1012, a communications
subsystem 1014 (e.g., a modem, a network card (wireless or
wired), an infra-red communication device, etc.), and work-
ing memory 1018, which can include RAM and ROM devices
as described above. In some embodiments, computer system
1000 can also include a processing acceleration unit 1016,
which can include a digital signal processor (DSP), a special-
purpose processor, and/or the like.

Computer-readable storage media reader 1012 can be con-
nected to a computer-readable storage medium 1010,
together (and, optionally, in combination with storage
device(s) 1008) comprehensively representing remote, local,
fixed, and/or removable storage devices plus storage media
for temporarily and/or more permanently containing com-
puter-readable information. Communications system 1014
can permit data to be exchanged with network 906 and/or any
other computer described above with respect to system envi-
ronment 900.
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Computer system 1000 can also comprise software ele-
ments, shown as being currently located within working
memory 1018, including an operating system 1020 and/or
other code 1022, such as an application program (which may
be a client application, Web browser, middle tier/server appli-
cation, etc.). It should be appreciated that alternative embodi-
ments of computer system 1000 can have numerous varia-
tions from that described above. For example, customized
hardware can be used and particular elements can be imple-
mented in hardware, software, or both. Further, connection to
other computing devices such as network input/output
devices can be employed.
Computer readable storage media for containing code, or
portions of code, executable by computer system 1000 can
include any appropriate media known or used in the art, such
as but not limited to volatile/non-volatile and removable/non-
removable media. Examples of computer-readable storage
media include RAM, ROM, EEPROM, flash memory, CD-
ROM, digital versatile disk (DVD) or other optical storage,
magnetic cassettes, magnetic tape, magnetic disk storage or
other magnetic storage devices, and any other non-transitory
medium that can be used to store data and/or program code
and that can be accessed by a computer.
Although specific embodiments of the invention have been
described above, various modifications, alterations, alterna-
tive constructions, and equivalents are within the scope of the
invention. For example, although embodiments of the present
invention have been described with respect to certain process
flows and steps, it should be apparent to those skilled in the art
that the scope of the present invention is not limited to the
described flows/steps.
Yet further, although embodiments of the present invention
have been described using a particular combination of hard-
ware and software, it should be recognized that other combi-
nations of hardware and software are also within the scope of
the present invention.
The specification and drawings are, accordingly, to be
regarded in an illustrative rather than restrictive sense. It will
be evident that additions, subtractions, and other modifica-
tions may be made thereunto without departing from the
broader spirit and scope of the invention as set forth in the
following claims.
What is claimed is:
1. A method comprising:
receiving, by a computer system, a runtime policy set for a
web service endpoint, the runtime policy set identifying
a list of all web service policies whose attachment meta-
data indicates attachment to the web service endpoint;

receiving, by the computer systems, a constraint expres-
sion for each web service policy in the runtime policy
set, each constraint expression specifying one or more
runtime values;
aggregating, by the computer system, the web service poli-
cies included in the runtime policy set into a set of
groups based on each web service policy’s correspond-
ing constraint expression, each group in the set of groups
grouping web service policies by constraint expression;

identifying, by the computer system, one or more groups in
the set of groups whose constraint expressions indicate
grouped web service policies are simultaneously
attached to the web service endpoint at runtime;

applying, by the computer system, one or more validation
rules to the web service policies in the one or more
groups;

evaluating the one or more runtime values at runtime,

wherein the evaluating determines whether the attach-
ment metadata of a corresponding web service policy in
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a group validated by the one or more validation rules is
enforced attaching the corresponding web service policy
to the web service endpoint; and

controlling execution behavior of the web service endpoint

based on the one or more runtime values and the corre-
sponding web service policy, wherein the execution
behavior includes at least one of authentication, autho-
rization, message encryption, or message logging.

2. The method of claim 1 further comprising storing a set of
validation errors that are generated as a result of applying the
one or more validation rules.

3. The method of claim 2 further comprising making the set
of validation errors available to a user for review.

4. The method of claim 2 further comprising throwing a
validation error in the set of validation errors at runtime of the
web service endpoint.

5. The method of claim 1 wherein the identifying com-
prises:

analyzing constraint expressions linked with the one or

more groups; and

determining that the constraint expressions can be satisfied

under a single runtime context.

6. The method of claim 1 wherein applying the one or more
validation rules comprises:

parsing each web service policy in the one or more groups

to determine one or more assertions included in the web
service policy; and

applying the one or more validation rules to each assertion

in the one or more assertions.

7. The method of claim 1 wherein the one or more valida-
tion rules include a rule that limits attachment of a web
service policy to policy subjects of a certain type, a rule that
limits ordering of certain web service policies, or a rule that
indicates certain web service policy attachments to web ser-
vice endpoints are incompatible.

8. The method of claim 1 wherein the one or more valida-
tion rules are predefined and seeded by an application devel-
oper.

9. The method of claim 1 wherein the one or more valida-
tion rules are customizable.

10. The method of claim 1 wherein the aggregating, iden-
tifying, and applying are performed during an initialization
phase of a Service-Oriented Architecture (SOA) application
hosting the web service endpoint.

11. The method of claim 1 wherein the aggregating, iden-
tifying, and applying are performed at a time of defining, in
the form of policy attachment metadata, one or more associa-
tions between the web service endpoint and one or more web
service policies.

12. A non-transitory computer-readable medium having
stored thereon program code executable by a computer sys-
tem, the program code comprising:

code that causes the computer system to receive a runtime

policy set for a web service endpoint, the runtime policy
set identifying a list of all web service policies whose
attachment metadata indicates attachment to the web
service endpoint;

code that causes the computer system to receive constraint

expression for each web service policy in the runtime
policy set, each constraint expression specifying one or
more runtime values;

code that causes the computer system to aggregate the web

service policies included in the runtime policy set into a
set of groups based on each web service policy’s corre-
sponding constraint expression, each group in the set of
groups grouping web service policies by constraint
expression;
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code that causes the computer system to identify one or
more groups in the set of groups whose constraint
expressions indicate grouped web service policies are
simultaneously attached to the web service endpoint at
runtime;

code that causes the computer system to apply one or more

validation rules to the web service policies in the one or
more groups;
code that causes the computer system to evaluate the one or
more runtime values at runtime, wherein the evaluating
determines whether the attachment metadata of a corre-
sponding web service policy in a group validated by the
one or more validation rules is enforced attaching the
corresponding web service policy to the web service
endpoint; and
code that causes the computer system to control execution
behavior of the web service endpoint based on the one or
more runtime values and the corresponding web service
policy, wherein the execution behavior includes at least
one of authentication, authorization, message encryp-
tion, or message logging.
13. The non-transitory computer-readable medium of
claim 12 wherein the program code further comprises code
that causes the computer system to store a set of validation
errors that are generated as a result of applying the one or
more validation rules.
14. The non-transitory computer-readable medium of
claim 12 wherein the code that causes the computer system to
identify the one or more groups comprises:
code that causes the computer system to analyze constraint
expressions linked with the one or more groups; and

code that causes the computer system to determine that the
constraint expressions can be satisfied under a single
runtime context.

15. A system comprising:

a hardware processor configured to:

receive a runtime policy set for a web service endpoint,
the runtime policy set identifying a list of all web
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service policies whose attachment metadata indicates
attachment to the web service endpoint;

receive constraint expression for each web service
policy in the runtime policy set, each constraint
expression specifying one or more runtime values;

aggregate the web service policies included in the runt-
ime policy set into a set of groups based on each web
service policy’s corresponding constraint expression,
each group in the set of groups grouping web service
policies by constraint expression;

identify one or more groups in the set of groups whose
constraint expressions indicate grouped web service
policies are simultaneously attached to the web ser-
vice endpoint at runtime;

apply one or more validation rules to the web service
policies in the one or more groups;

evaluate the one or more runtime values at runtime,
wherein the evaluating determines whether the
attachment metadata of a corresponding web service
policy in a group validated by the one or more vali-
dation rules is enforced attaching the corresponding
web service policy to the web service endpoint; and

control execution behavior of the web service endpoint
based on the one or more runtime values and the
corresponding web service policy, wherein the execu-
tion behavior includes at least one of authentication,
authorization, message encryption, or message log-
ging.

16. The system of claim 15 wherein the processor is further
configured to store a set of validation errors that are generated
as a result of applying the one or more validation rules.

17. The system of claim 15 wherein the processor is con-
figured to, as part of the identifying:

analyze constraint expressions linked with the one or more

groups; and

determine that the constraint expressions can be satisfied

under a single runtime context.

#* #* #* #* #*
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